


The Feuristic DZ:ND;?fiL process of analyzing a mass 

spectrum 1-y conputc r consists of thrcp phases, the fi.rst, 

preliminary inference [or planning), ObtaiIls ClUSS frOi:! th? 

data as to trilich classss OF chenical corr;pour:C!s are suggzst.e,? 

or forbidtier by the dat.a.. T he second phasF!, strucSurf? 

g encratio~, enuI2era,tcs a3.1 possible explicit. structural. 

hypotht?sees ?fhich are dompatihle with the inferences made in 

phii&? enc. The third phase, prediction and tt?Stil!(J, 

predicts con _ ~~ec~~?n~e.s from each structural hypothesis anal 

corni)are:; this pr4iction vith thcz ori.:)ii.r:al s;~C<ctru:,~ t.0 

choose th+Y? ilyi)OtkF!SiS which best explains t-tic data.. 

COrrcS;;O li(ii.Ilg t0 thfl!Si three ph9Ss_‘S arc three sub- prograrf!s. 

The proqraf? (5) hav c 3een described i.r; prf,vious pat!ii.cnti-ens, 

primarily in the volunc! OF .'lachine IntclligPrlce li, and irk a 

series of Stanforc! Arti.ficial Intelligence Project 3cmos (4, 
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The prosril iii progresses throucjh t!ie qrou[I list, CllE?Ckiiicj 

for the necessary and sufficient concIiti.ons 0: each group, 

T w 0 lis t.s are coIlstructc,d for output: Goodlist F‘1lurr,eratP? 

functi0:i;r.I groulls 5!hich miGht 179 present, arId FIaAlist lists 

functional JTOU~IS which cannot be in the suhsf-ancc that. c'st-; 

introduced to the KiaSS spectromntcr. 
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perfornance 1.t>vc!l i:; ;>rrovi.i!d 5y co:r!pari.ng t 11~‘ progra 73 b!ith 

professionals, In July (1359) Professor Carl Djerar;si., an 

eminent mass c-;lcctro.srlopi.:i,i-., a~k,ed the KCC!:(?rS Of his 

graduatc3 1?'3s:< st:~3ctr9I:etr-y seminar to iltterprpt three waI;s 

spectra, givi 11g tl??m 0nl.y the empirical formula.:; of th? 

.StI.TUCtU?I6?.S t3Iid Stating the fact that th2y were acyclic 

structures - just t5e inforir ,c?ti.on given to the program. 3n 

the first prohlc~~~, the program and one graduate stuZent 9ot 

the correct structure; nnctlyer graduate stuGer,t and a 

post-doctoral fello::r were both close, but not correct. On 

the SeCOIlil i)rOhlC?Fl, the program got the correct ansxcr; two 

graduate stur!r~nts i:~clu(!oci the correct answer in 





As in the case of tile Grcenblatt chess program, the 

yroEici(2ncy 0 f t 11 e ion c: s spectromf?try pro~~rrars i.:! 3uP in 13rrrqc 

measure to the cjrnat nurcl)er of tines the b2havior of the 

pro:jra;n has hf--211 criticized by good qlplayersTi, with 

subsequent !no~? iFications to the pr0gra.n. l-11 both C%?sCS, t. he .\ 
heuristics of C;OCIC? ~)lay were not horn full-hlo'r!n out of the _ 

hca:l of the? ;)rovrammcr; they were built up, modified an:1 
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"irst Session: * 



!I - c:= ?r) - ;jl 

A: Wait a minute. The first t?lo are ketones, but the lsst 

one is a spsci al case which We shoui.d distinguish in the 

prOcjr%c!. It defines thcl class of nldchy:Ies. 

2: so can WC formulate the general rule that a ketone is 

any ~!~olcculc coutainj 119 C - C=(! - C (thinking of the LIJSi3 

list ' (C (2 0) (1 C) (1 C)) ') . 

A: That's it. 

R: Now what mass Sil~Ct~Ol?,C?try rl.llG?S 20 YOU haVf? fzOr 

ketones? 

A: Three proccss~~s will. (lon~inatcr alpha-cleavage, 

eliminat.ion of car3on monoxide from the alpha-cleavage 

fra,jments, and the :?cLaf.f~rty r~arraf1(3o:ac:nt~;. 

B: C%. I wrote those dosrn -- now tell. me exactly \~ha t 

each OilC X6T?al: S. Start with alpha-cleavage -- 20 you t11.331: 

the bond next to the he+.i?roatom? 

A: (Ili'~re:-;s ion on notation -- oft.cn alpha-cleavage X3Ul. 5 

inearl this boilci, but not for mass spectrorzetry.). . . . Iicre 

alpha cleavac;e is cleavage of the C-C=0 bond, i-a., clc;lv~go 

next to titc! carhon~l radical -- on both sidpc don't forget, 

i3: All. right.. 7 h a f:. ' s 
.\ 

an easy rllle to put ir! (tr-anslating 

to a new Z.TSP function whic,FI defines alpha-cleavage as 

clfavagc which rcs:llts in a fragment (i.e., a list) whose 
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j 11 s t. doll' t kno;;r enough a!-)?ut ther;.) 

B: Mow lc?t' s :;et on to the .sec011c! process -- Zoss of 

carhol! 1n0110side from the alpha-cleavage! frnijmcJnt:s. ii: 0 u 1 3 

YOU write that out i.n detail? Exactly what happens to thp 

fragment CH3-CIi2-C=0 for instance? 

A: Let. ' s see, t1;a.t is 77 >.Y:C; 57. You will see a high 57 

peak for this frag:ncnt anI1 you'll also see a 29 peak J)ecsusc 

of this process: 

- co CH2-CH3 (x/e=2 9) 

B: Is t3at ail t!:cre is' to it, just drop off the C=O from 

the fraqlocnt. (thinkir:~ of making a second call t3 the LTSP 

function \rhj.ch hrcaks bonds an3 returns fragments). DOCJS 
. 

this happen in every case? 

A: :lell., as Ear as WC !<nov they'll hc pretty strong al.3 
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. . . (A ani! I3 work ollt the details stpp ‘by stc+p as bct;t they 

Cilll. 30th A and 8 suffer from 3's lack of experie:lcC. ) 

3: Let ’ s see if I have this straight with ar:other exazplc. 

.-. (3 picks an exac:pic which is too difficult for the 

first apl>roxin\n?-.ior: to the rules which he understands at 

this p0int. This leads to a lengthy discussion of the 

conditions under whick just otle PicLafferty rearrangement 

will occur, and conditicns urder which a "dou!>le !3cLaffert.y" 

will occur. At the en2 , n's most valua5lc possession is 3 

piece of pai)er OII which A has sketched several. exanples wi%h 

cryptic notes. 3 promims to program these three ru1.3s, 

knowing full we3.1 that he. won't get thein rj.ght the firsl-. 

time Sut krlowincj that it vi11 he easier for A to correct. 

specific errors than t6 u~~c?erstnnd cverythinp at once, A 

promikes to revicu the pnI:lished spectra of simpl.c kcton?s 

to conic up with SOLIF: closer estimates of the relative 

intensities of the peaks Icsulti:ig from these Ejrocc,sses.) 

Second Session: 
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n: Well I guess I'd ixtt.e!r take care of those things 

before YOU look at niorc OXTLI~~~CS. Perhaps I can a:14 thos? 

other t'nings you mentio:1ed ca rlier. What's this husin?ss 

about major alpha and minor alpha? 

A: It is just a way of bringing the intensities predicts?? 

by the program more in line with the actual intensities. r I1 

these exaiopics the n%ajor alpha cleavage is the 

alpha-clr2avaQc in which the lar.jer alkyl fragment. is lost. 

(A sketches several exi?m!llFIS to illustrate his point.) 

R: Fhat sort of Jeneral principle defines t!ke minor alpha? 

A: The larger alkyl frqment lost. 

. . . ‘(3 agrees t9 put this in the progranj after get.tir:g it 

clear. A new LISP function is Plostly conceptual-ized by now. 

Within a few months, bovever, some poor results' were tr3c2d 

to this fornl of th? ?rinci;)le, so i t ha r! to be re f o r[L: ulnt ~(1 

to consic!ar more than m~rr:ly the si.zn of the fragment.) 

ES: Vow what aSout the other thing -- the 

MeLafferty-plus-one-peaks? 

A: Well, we don't know much about it, but it. se~;r:ls th2t. in 
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R: Suppose the program just sticks in the extra pr:aIJ, at 

x+1 for every x frcm a. YCLaffcrty lZ@arrang?liIernt? 

. . . (n's suggestion is motivated by the existin LIZ?:: co30. 

The only time the program knows it has a Wtafferty pcl:ik is 

insid c one function. After a brief discussion of this, h3th 

A and B decide that the next step is to get thy proyra12 to 

make more accurate prcdicti.ons. The discussion sWitches, 

then, to adIi.ng this ketone information to the pInnning 

phase of the program.) 

After deciding upon an interesting class of organic 

mOleCU1e~ -,, such as ketones, ethers, or amines, the first 

step tosrard informincj the program about the mass 

spectronctry theory for that class is to ask a mass 

spectroscopist what rules he generally uses when considering 

molecules of the class, !Iis first answer is that ho expects 

specific fragmentations an,? rearrangements to dccliriate t.h,3 

entire process, with different mass numbers resulting in 

different contexts. !ie expects just four processes to 

explain al.1 siynificant r;euks in the mass spectra of acyclic 

ketones: (1) cleavage next to the C=O (keto) group, i.e., 

alpha-cleavage, (2) loss of carbon monoxide\ (CD) from the 
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the alpha-cleavage peaks are at mass points 57 and 85. 

These four rules wcrc put into the ?redictor8s colC?l2x 

theory itnc!, in a Jifferent form, into the r-ough thcor-y :,f 

t he plannin:;I stage. The> problems we encountered with these, 

rules arc typical of three fu~~:3amrntal protjle::ns wP have 

learned to expect: (1) unanticipated concepts require 

aCditional pro~jrammin~, (2) counter-F!xamplor; t10 the first 

rules force revisions, ar,d (3) a false start leads to a 

change in strategy, 

problcrr! is lack of communication between exI)ert and 

- 18 - 



Initially the Frc-Victor ' s theory t.r-c!ated each c:ea.v3 gc 

ind~peedor:tLy of the others. 3ut the introduction of thp 

collccpts of lXajor and minor alpha- clenva~2s destroyed t!3i~ 

inde;)endcnce and forced revisions on thr program. Since tf12 

expert mcasurcl11 the relative abundance of minor 

alpha-cleavage peaks in tcrizs of thr major peaks, it was 

essential to calculate the ahun4ance of the major 

alpha-cleavage peaks first. The techniques for hsrnd1ing this 

was to introduce a switch indicating whether the major 

alpha-cleavage Jlarf been encountered yet (with appropriate 

tests arid settings in various place), The underlying 

reason for using this technique rather than ar!otIt.rr was to 

plug the hole as qxickl! as possible (and as a corollary to 

fix things with a minimu of re~rograaming) . 

In the planning stage, the. anticipated form 0" a rul.;? t 

was a list of: pc+aks at c?ar:acteri.stic mass points, ( 7; 11 e r e 

these coul.d 5e relative to the molecul.ar weight). Rut. in 

or:ler to identify alpha-cleavage peaks in kF)tories the 

program nedcd to find a pair of peaks at masses xl aild x2 

which satisfici! the relation xl + x2 = molecular wPj.i]ht f 

28. So the program was Cxtcr:da+. in two ways to account f3r 

this: first, a LISP function b:as allowoc? to stan6 in place 
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+28 for kc?toIlf?s) . 

The second f un4ar~er;ta.I difficulty in this whole proclctss 

has come aFter the additional programming was contplptc4 t9 

take care of new concepts,' when we are in a position to try 

out the progral!s 01-1 real data. Typically these first trials 

uncover counter-exawglec to the initial set of rules: we 

have often hec:n surpriscg? nt the low quality of the 

infcrenccs on this first pass. r'or example, we quickly 

found that the theoretical ketone rules did not always h2l.d 

for methyl kftones, i.e., for struckures containing the 

radical -C-C23. 'i'ile alpha-cicayage on the methyl side 

produc-?d a riauc!i rreaker p"aX than was oriyinzlly c?x;?ecte-i, 

and methyl ketones often r'ai.I.ed to show signi.r"icaiit 

RcLafferty r~.arrange:nc~~t.peak~, contrary to expf?Etations. 

Thus 2t. was necessary to alter the oriqinnl rule that both 

alplia-ClE!3VFi~li? peaks for ketones must br+ hi.gh peaks, to 

a 1 1 0 U for t.t:t? virtual absent? of the peak correspon?.ixg to 

loss of the s:et.I,yl ra~dical. Alsp, because of the? methyl 

cas3 it c/as necessary to alter thf? conf1Itions crhic!i 

determin ei.1 .the strc:ltjtsh of ;.':CT,aEferty rearran?eaer;t pra?s in 

ketones. 
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;;; x p CT! r i. II‘ c-l 1' t a I :ii d '; .s s ;I 2 c t-. r ;I OEtc?ll COlitAiI1 pk?iiE: S l!F:.iCil t I?!? 

theory tit hc r ca ~::lot accou:~t. for or ~ouJ.11 have pr:r~?ict cd 

were it5:;erlt -4.. a11tl thd Spc?\C:tra Oft,s?t! fati to s!iow I)Clfk.S where 

the theory ;,se?icts the re shoul<I he some. n f? c a 11 s C? 0 f t I! Ii s , 

the fir-st. attcrpts to use aI.riost strictly tl:cboreticai ru1.es . 

in t!:c context 02 real data oftL3u reveal c;onnt~-'r-exampl.es to 

the rules. h til~?OTIC~tiCi?l. C?lF?IlijSt., hOWe Ver, EtIt:tS to SGIPO[J 

away these discr-pencics -- WC have t!Card such col?mer.ts 3s 

l'typing error", l'recording error", "iLlpUre Sa Kp13 'I, 

llirlscnsiti.ve instru ncnt*!, l'uncarefuI operation of the 

instrumentf~, and so on. In tracking down the sou~‘cr3 of the 

discrepancies we first check the original data t:> see that 

the computer has loolced at what we wanted it to. 

Occasionally, our friands have even re-run samples in the.i.r 

own 1aSorntory to check t!te reliability of the data. Hut. 

our 1imite:I experience inf?icates that the data are sel?lom in 

error: it is the theory that r,eeds more work. 

From the chemi-c;ts' point of view, the dialog pr:>cess is 

also helpful for discovering gaps in the theory. n II 1 y w ii P 11 

they started stating their theoretical rules as precisely AS 

their theory of mass spectroscopy says shout some simple 

classes of molecui;?s* For example, when considering the 

suyeratoms*c which he believed exbaustcd the possihilitins. 

A program which was developed later to generate superat:,rr:s 

convince:1 him there Were, in fact, 31 possibilitie:;. EVC2l-l 
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of Heuristic DZIIJ7AI. will. reeiem%bc:r, a superatom is a 

st,ructural fr%~JnclIC 14I;i.ch is treated as a sir!gle unit, F3C 

CXCil!l~~l C?, ‘\JhF?li (;ive:l the amine superaton -CH2-!TiI-Cii3, the 

projram will. us{2 this structure as an ator2ic clement without 

considering any structural variants of it such a:; 

-Ci-i2-Cd2-IiH2. I: 1111s several atoms in the graph can be 

replaced by a sir1gl.c: superaton, at a considerable saving for 

the Structure Gencarator. 

ICiakincJ a false start is the third type of ~~rofrlei~, 

Whir212 iS usuaIly discovere4 only after a few iterations of 

exa:uining new results ar!ci patching rules. Because this 

requires F,ac!<tracl<in: ar!tI reprocjralnIr,iniJ, it i.S painful to 

realize that 5~013~ early (Iecisior,s were Ilad iri light of 

s '1 1) s e cj u e I1 t de v c 1 0 l3 XC? 11 t s . Xc have had coura~fr enoug5 to 

label only a few of our decisions as false starhs. For 

e x a rr p I. e , in the p1.c?nni.ng phase we quickly cjot ir,to trouble 

with idcjr;tj.fic;ation ruler; for ether subgraphs by 

over-specifying the subgraphs. Ve had succes s;fully attacksed 

a pre vi.0 us class of mo!.ecules (ketones) by dividing the 

class iuto an cla3orate hierarchy of subgraphs, each vith 
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Typically it has taken weeks of interaction with a 

chemist nt a console to proceed past the first tG;c-~ 

difficulties nr?vfzr knowing wI-?ether we were ri!akirlg a fa.l.se 

start. iio:gaver, the iterative process itself is not 

finished when a set of rnlf2s is found which seems to ;Ido the 

right thi.r:g It. Recausc? of the nurnher and tho conplexity of 

,the subtjralyhs we often run i.nto trouble bccauso k;e 30 not 

have the paticrlce to grind out the COI~S~~GC~T~CCS of the 

exar2plc.s of spectra OUT rules excluded so II\FID~ subgraphs 

that, eveit though the pro<~ram was properly instructc? to put 

a partic- u ar superatcm into every StlZUCtilre gF?nerate(!, it 

could not ge1ierat.c any structures at all. In these cases we 

have ha;! to weaken the identifying rules still snore -- wi th 

the result that MP often let. in incorrect classc!s of 

molecules to insure that. we never excludec! the correct 3n?s, 

'The end 05 the iterative process to estat~lish planni rig 

rules for a class of molecules comes when tie have a SC>+: of 
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.It should he mcntioncd that WC recocjnizc? the need to 

clear U? the bottlerl~ck of getting new infnrr~iation irlt:, the 

cornpu tcr. iicre, as elsewhere, many alternative aesigns 3rc! 

open to us. For instance!, we could? get rid oi the! q1mid31? 

Ill a 11” in the? information transfer by educating a progranner 

in mass spectroscopy or by ellucating a chemist in LISP:, 3r 

we could replace the middle l?lfiil with a progran: d2sigl\ed to 

perform the salae fUnCtiOil as R (the layman/~~rogr~~Inmer) in 

the dialog above. In effect, we. have heen moving slowly in 

all tiirf?c of t?ese directions at once. But wf!at WC? woul3 

most like to pursue is the design of a progran t3 elicit 

information f ron\ an exiW)rt who is not also a programmer. 

(This 'seems especially attractive to the real-life B, 

needless to say.) 

In many areas cf scier:ce -- especially the rapid1.y 

ex?andiilg frontier areas -- tkr2 rules 37hiCti wi.ll xor!leG!;1y k+e 

incorporated into a unified theory exist only in a1i 

uucodified 1!1orass of recent papers and unpubl.ishcd notes, 

and in the heads of researchers on tt:e fror!tier. fcecausc of 
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Frc*2ucntly the discussi.on of a new furlct.ional group 

will call in analogies with what. has heen discussed before. 

"Amines are like ethers'", was one specific remark that 9 had 

to make senscr~ 0:; il smart program should at least: knoi4 what 

questions to ask to make sense of the analogy. It will t3ke 

a much smarter projrac! to recognize these analogies itself. 

The point is that the dialog wil.1 move much faster if the 

program can at least USC analogical information. 

Cocstructing coant@r-exnmplcs may often require a 

thorou'~l~ unr!c~rs%a.n:ling of the theory. Rut n t:as heen of 

SOrile help to A evc?n though he has only a 1it.tl.e kno:JlcdrJ? of 

m a s s SpcCtroiRcLITy. The dial.ocj program might cas%ly watch to 

see what kinr?s of case:; the ex;)ert needs to patch 1.113. This 

strategy nox 1fIa4s R to ask "Rut vhat ahout. the Fet.t:yl 

c FiSti? ?'I for every set of rules that doesn't. explicit.1.y 

consic'er methyl:;. And, surprisingly, this reminfler is often 

hcl.pEul. 
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The alternntivc strntegy (A) has, in fact, be~ln trie'l 

in one version of thf.t program with only incc)::i pie tc results 

SO far. In the? simplest: application of this strategy, t.hn 

generator CoI~sal ts t11c ZeZuctive theory at each nose in the 

generation tree to determine whether tho data intlicatc th3i 

an unproductive branch has just been initiatci!, That. I..>, *c 

the theory is consul~tt~d tn 3etermir;e which partial 

hypotheses are 11ot ldorttl expanding. Unproductive branches 

are pruned, another node is ad:ind to each partial 

hypothG?srX?s, and the test is repeated. 130~ example, part way 

down the searc?~ tree one branch (partial hypothesis) might 

he a11 0xy~Jc1-1 atom uith unhranched carbon at9Fs on either 

side (-Ci-12 - 0 - Cli2-), an? the next move f‘or th? rfunerat-or 

might be to attach a terninal carbon to one of thp carbons 

resulting in the partial. hypothesis -CH2 - 3 - CIi2 - CK3. 

Consulting the theory will tel.1 the generator that this Ts a 

fruitIu1 Sra7Lc5 only if the data contains Fciaks at 5c1 and 

the mol(zcular iicight minus 15 (X-15), otherwise t::e t;ran::h 

wo:1ld bc ~>IsllilPd at this point. Because of thr iarge nuKhr:r 

of noc!es in "‘tl:e u nsonr;t.rained hypothesis space, it wzs 

r;uickly evliietit t?iat this strategy could !>c: applieil in this 

simple vay or:ly tihcn the planning phase had indicatc:d a 

- 32 - 



For any cla:;s of ~)rol?Iems Khere it is difficl11.t to 

validate plrtiill tly~:othese.~, the no?e-by-node sttnrch 

strategy is r.ot the: bust of alternatives, The current 
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node-by-nolle testing str,ategy (A) , ho:ievtr, may fake it 

competetive with tkc! current test-at-the-end stra tr?gy for 

our problem . First, UC can add SOIIJC? neta-thl?nry to thf:! 

testing ro;itii:o or, second, wf> can reorganiz,~ the c~er:era t 3r 

to rn?lkF! the theorutically siyniiicant nodes come,' at the t3,p 

of the gcnera.tion tree. 

IAl) AJrl.i.ng l~C?t.i3-tll~O?T~ to the testing routinr-! is 

relatively simple since it is possible to say a priori th3t. 

the theory itself is uninEor:native or perhaps misleadicg 3n 

certain cl.asscs of p‘artial structures. Thus thr? first test 

on a pnrtiai hy;>ot?esis i.:; to deterrr:ine kll:ether- the theory 

c a II say aIlyt.hir:g about it -- whether this partial hypothesis 

warra nts the expense of caPling the full (fcductive theory. 

1~1 this IJT?~, the numhcr of calls to the theory is 

considerably r~ducc3il. The moral. SFSCBS to !>e that a Il.itt.Ls 

meta-theory yoes R long way. 

of genE?ratioI1 initiate each structure at the ctSntnr so that 

generation is from the contcr out to t.he tpricini. so in 
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f ro:n t-he otl;ers, a:; in Cit3-Cli2-O-~tT2-Cf~2-Ci~2-C1’I2-Cil3, the 

5;avings would he. positive for the tPrmia1 aton near tlic 

oxygen, hut negative for t!:o other choice. 



- 37 - 



Althouc~h th r' two alternative search strategies A ap?! R 

introduca new (?iff.ic!lltif+s,' modifying the current strategy 

may well improve the Fro'Jram without. ad3ir:g serious 

prohl ems, One extrenc is to use a powerful enough theory in 

the ;)lanning stage to pko4uce only a single unambiguous 

hypothesis, That is, plan thF? hypOthC?SiS CJPIIQrati on prOCf?Ss 

so careFully in light of data and t.heory that just one 

structure ncets the constraints. This RlQ&I\S adding couch 

more new theory to tie planning program. Y?kn pLar.rling stage 

now has CL t.alzlc of interesting and relative3.y c05!1?on 

SUbJra;,hS each coii~~lcd with a set of identifying conZiti3ns. 

Pieces OF structure for wi!i.ch the theory has too littl? 

context to ii!entiEy their presence or absence are l.eft out. 

of the t,=il)le ent.irPly. T he rest of the tal~lr? is orgar;iz6>3 

hierarchically. 

HOwc?VCr , using a I;c;ferful enough thqox-y rrciuires 

enu2eratin2 .?I h 0 If? III 0 l+? cu 1 es (5ccau so thy th~nry ca!ino+ 1)~ 

aPnl.ied u:1am?liijuously to pieces of molecules out of the -4. 

total contc?xt) , rc:;rlltinq in an enumeration GIhich k'ouId t:e 
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iihilc we cannot rigorously justify our 3elsicjn 

decisions, and in particular our t'iecision to use one smrsh 

strategy OVC'C aIlother* ~63 1:ave beer: able to explore son2 
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IrritiaJ.1 y, t.112 only tIleo1:y of IRtiSS spectrometry of an y 

ccmplexity in the Program WAS 'clli? deductive theory in the 

Predictor. T‘ he most crucial aspect of thp rel>respr!tation 

pKObleill at that time -- a113 prohal-tly the OISIY aspect we SEl.? 

-- was choosinc; a cozvenient reprcspntation. Bnii thin, 

also, we he12 a simplistic view of uhat made 3 

XY~i~SeSeIltati.011 convenient. Re meant, roughly, a 

representation t5at xas easy to code and write programs for, 

locaiizi~tion for the efficient operation of the pIYOCJCi3it. 

That is, tht~rc nc7y lx? a r?ecd for two rc?pre,sentc?tions eve11 

t h0ug.r; there is only OIIC theory. ' T'lth on1.y one 

ref‘re.-,ent;iti.on it is very possible that clithcr communicatFon 
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exenlpla rs, or sur,eratoRs, which d.efine tl!e class. The 

Predictor tells what happens to each particulrir roolecule j.11 

tf c  mass ; swct rometcr l A3.1 that rer:;ai.ns is a program to 

class ify t lie prcdic ted mass spectra and find t-he co2f::or~ 

s  pet t ra'l. fc a t. u r e s  . TI?ese fcatilrcs are just. what the 

planning t‘ro?rn:n needs to identify thr? class. In this way 

the PreCictorls t!:eory is transferra.I1>1:> to the planning 

pro .J r a LCI . 



* Th is idcn is workttrl out in detail ir, r)or_ald !33tc-r~ar!~s 

pro'dcarn to learn the heuristics of draw poker (73). 

-------we- 
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The rwult of this reorganization is a tremendous 

simplification of th-? genErating algorithm. fnst~oail of 

11 a v i :I g six furlctiorls to generate the complete list of 

structures, two are now sufficient. Of thr six functions 
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Althoug?\ it is I;ainfu3 to rewrite a set of programs 3s 
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(4) nzr>uci’rvr;l TZS?S. Despite the efficacy of t!te 

planning stage, thert? remain ambiguities in the data xihi.ch 
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